Background: Substantial progress has been made in the management of pediatric HIV infection in Ethiopia with the implementation of mother-to-child-prevention programs. Since the introduction of HAART in 2005, mortality among HIV-infected children has reduced while the rate of hospitalization was expected to rise. The purpose of this study, therefore, was to assess predictors of hospitalization in children on ART in seven university referral hospitals in Ethiopia. Methods: A prospective cohort study design was employed on children age 0-18 years as part of a multisite observational study. ART-experienced eligible and ART-naïve children with HIV/AIDS were enrolled into the Advanced Clinical Monitoring (ACM) till December 31, 2012 were included. From the database, information on hospitalization and other independent variables were extracted. Analysis was done using both SPSS for Windows version 16.0 and STATA. Descriptive analyses and modeling was done using logistic regression. Results: Of the 405 children on ART (174 experienced, 231 naive), 86 (20.7%) were hospitalized for various reasons; two children were excluded since they were hospitalized for unrelated conditions (appendicitis and burn). Fifty one (60.7%) of the eighty four admitted children were hospitalized in the first six months of ART initiation. Of the independent variables, only the presence of opportunistic infections and duration on ART were significantly associated with hospitalization both on bi-variable and multivariable analyses (P-value <0.05). As the duration on ART increased by one month, the risk of hospitalization decreased by 5.4%, which is statistically significant (P < 0.001). Whereas the incidence (number) of OI's increased by one, the risk of being hospitalized increased by 35.2% (P = 0.002). Of the individual opportunistic infections, pneumonia was found to be the only predictor of hospitalization (P-value = 0.002). Conclusion: This study showed that nearly two-third of the hospitalization was within 6 months of initiation of ART; and presence of OI and duration on ART were the only predictors of hospitalization.
INTRODUCTION
The emergence of the HIV epidemic is one of the biggest public health challenges the world has ever seen in recent history. Since the confirmation of its existence HIV has affected all continents wildly spreading to children, adolescents and adults. Sub-Saharan Africa (SSA) is the epicenter of the epidemic and continues to carry the full brunt of its health and socioeconomic impact. Ethiopia is among the countries most affected by the HIV epidemic. With an estimated adult prevalence of 1.5%, Ethiopia has a large number of people living with HIV; and about 1 million AIDS orphans (1) .
Substantial progress has been made in the management of pediatric HIV infection worldwide, in SSA and Ethiopia with the implementation of mother-to-child-prevention programs. Early Infant diagnosis using DBS and subsequently the introduction of Highly Active Antiretroviral therapy (ART), however is lagging behind where an estimated 3.3 million children are still living with HIV, of whom 3.1 million live in sub-Saharan Africa. Although the exact prevalence of HIV in the children of Ethiopia is not known there are currently 134,586 children under 14 years living with HIV/AIDS (2). Mortality was high and premature before the introduction of HAART, reaching 35% in the first 12 months of life and 52% within 2 years of life of HIV-infected infant (3) . Since 2004, however, following the introduction of ART, reductions in mortality and morbidity among HIV-infected children have been reported (4) (5) (6) (7) (8) .
Hospitalization represents an important outcome measure and a reliable indicator for morbidity and mortality, as well as health service utilization. The four leading causes of admission to Tikur Anbessa hospital pediatric emergency department were severe pneumonia (38.6%), meningitis (7.2%), sepsis (5.6%) and heart diseases (4.6%) (3, 9) . In an earlier study done in the same facility, malnutrition (18.5%), neonatal disorders (16.8%), diseases of the respiratory system including pneumonia (10.6%) and infective and parasitic diseases (9.8%) were the four major causes of admission to all the wards (4, 10) .
Research elsewhere has shown that the rate of hospitalization is very high in children who are on HAART, particularly in the first 6 months of enrollment. For instance, in Thailand, Collins et al (2012) found hospitalization rates of 63 per 100 person years in the first 6 months on ART, declining to 10 per 100 person years after two years on HAART. In another Thai study, (5,11) the incidence of hospitalization was found to be 30.7% in the first six months of life, declining to 2.0% by the third year of life. A Brazilian study (6, 12) found that 43.3% of children were hospitalized in the first three years of therapy. Although investigators have looked into the patterns and causes of hospitalization in children, there are little or no published studies investigating predictors of hospitalization in children on HAART. The purpose of this study, therefore, was to assess predictors of hospitalized children on ART in seven university referral hospitals in Ethiopia. the repository cohort consisted of 20 children per site who were ART naïve on entry to the cohort. Similar database was set for adult cases which is inclusive of children age 15-18 years. Eligibility for ART was according to Federal Ministry of Health Ethiopia ART guideline. Children were enrolled to the cohort after written informed consent (age 14-18 years) and through their guardians (below ten years). Children from ten to thirteen years old were also verbally assented. Baseline socio demographic, clinical and laboratory data was recorded on medical forms that were standardized at all seven ACM participating sites. During the screening visit, participants had baseline medical and laboratory evaluation; while eligibility assessment for ART was made by site level physicians. Consenting patients were enrolled to the study and followed up at two and four weeks, at three months after starting of ART, and every three months thereafter. Data on adherence, ongoing clinical care, hospitalizations were recorded. Data was entered in to software called ART Information System for Ethiopia, ARTISE, at site level and then transported to the central database electronically. All identifying information was removed before transferring data. A participant was recorded as lost to follow up after she/he had missed two scheduled visits and couldn't be contacted by telephone or through her/his emergency contact. Participants could withdraw from the database at any time by informing site staff.
PATIENTS AND METHODS

Background of Advanced
The national ethical clearance committee and IRBs of JHU and CDC gave approval to the study. Study design and Population: A longitudinal study design was a part of the multisite observational study. All children enrolled in the ACM pediatric database cohort and adolescents age 14-18 enrolled in the ACM adult and adolescent database cohort were included. Sample size calculations: All the 174 ARTexperienced eligible participants and 231 ARTnaïve participants who had been enrolled into the ACM till December 31, 2012 were considered ( fig. 1) . Missed values were excluded from the analysis list wise.
From the database, data on hospitalization, background information at enrollment (Age, Sex, with whom the child is living), nutritional status at enrollment (Stunting, underweight, Wasting), laboratory monitoring (CD4 immune status) and clinical findings (WHO stage at enrollment) and treatment from enrollment to end of data collection (co-trimoxazole preventive therapy, Isoniazid Preventive Therapy, Duration of ART, Duration of ART before hospitalization, Regimen at enrollment) were extracted. In addition, data on reasons for hospitalization were extracted from the hospitalization abstraction sheet, Data Analysis: Descriptive analysis was done to explain each variable selected. Modeling was done using logistic regression. As an initial step, each factor's association with hospitalization was analyzed in uni-variable logistic regression. All factors significant at P-value< 0.05 level was considered for the multi-variable analysis. Backward stepwise selection was used to identify independent factors associated with hospitalization in the multi-variable analysis. The data flow is shown in figure 1 .
The frequency and distribution of the hospitalized cases was tabulated by principal diagnostic category as listed on the discharge report, including opportunistic infections, non-AIDS related conditions, immune reconstitution inflammatory syndrome (IRIS) and medication toxicities. The following operational definitions were used • Hospitalization: any child or adolescent admitted to the health facility during the course of ART due to opportunistic infections, IRIS, drug related events, other infections and noninfectious illnesses with the exception of admission for procedures or accidents irrespective of duration of hospital stay. (14) .
RESULTS
During the cohort period, 405 children on ART, 174 from experienced and 231 from naive were enrolled. Eighty six children (20.7%) were hospitalized for various reasons; two of them were not considered as hospitalized during our analysis since they were admitted for appendicitis and burn. Fifty one out of 84 (60.7%) children hospitalized for HIV/AIDS related causes were admitted in the first six months of ART initiation ( fig. 1, table 1 ). The 405 children were from the seven participating university hospitals. The distribution of cases among participating facilities was homogenous as shown in table 1. Participants age was categorized based the national ART guideline age category. Accordingly, 260 (64.2) of the children were in the age group of 5-14 years with median age of 7 years. Two hundred seventy three (84.5%) of the children were living with their parents and most of them 255(64.6%) were WHO stage III and IV at initiation of ART. Almost all were kept on first line ART regimen; nearly 80% of them on AZT based regimen. When we see the nutritional status of these children, 86 (21.2%) were underweight, *During the analyses, the two non-HIV/AIDS related hospitalizations were considered as non-hospitalized. The two variables-OIs and duration on ART remained to be strong predictors of hospitalization on multivariable analyses. As the duration on ART increased by one month, the risk of hospitalization decreased by 5.4% which is statistically significant (P < 0.001). However, when the incidence (number) of OI's increased by one, the risk of being hospitalized increased by 35.2%, P = 0.002 (table 4) . The study tried to identify which opportunistic infections could predict hospitalization. In doing so the commonly seen opportunistic infections were tallied and bi-variable regression done for hospitalization against the presence or presence of individual opportunistic infection and pneumonia was found to be the only predictor of hospitalization (P-value = 0.002) (table 5). 
DISCUSSION
This Prospective Cohort study aimed to identify the predictors of hospitalization among children in Ethiopia. Eighty four children (20.7%) out of the total 405 in the study were hospitalized at least once for various reasons. The result is similar to a study done in Thailand where 35% children were hospitalized (5). However, this study may not be representative to all children with HIV in Ethiopia as many others may be hospitalized in district or regional hospitals. The majority of the children (60.7%) were admitted within the first 24 weeks of HAART initiation, which is not different from other similar studies. The median time of ART among those hospitalized in West Africa was 9.8 months (15). The first 6 months of treatment is characterized by high mortality of hospitalization until the patient gets stabilized (5).
The mean age at HAART initiation in our study population was 7 years which is similar to the study done in Thailand where it was 7.6 years (5). This finding is a bit late than the one reported in West Africa where the HAART initiation age was 3 years (15). While HIV in children is known for its fast progression, the mortality is quiet high and if not treated timely.This study finding indicates that there has been delay in diagnosing and initiating HAART. The WHO reports that without treatment, 50% of children would die before their 2 nd birth day and if delayed until 5 years, 75% of them would die (16); emphasizing the need for early infant diagnosis and treatment.
Malnutrition in the form of underweight, stunting or wasting based on the WHO Z-score was common among those children. Eighty six children (21.2%) were underweight, 18.3% stunted and 17.8% wasted. Malnutrition is considered to be the most common manifestation of HIV infected children in developing countries (17, 18) . A study that dealt with clinical profile of hospitalized HIV -infected children in Bangladesh found that for children below 5 years of age, the mean Weight for Age Z-score (WAZ) was -2.1 and Height for Age Z-score (HAZ) HAZ was -2.9 while for older than 5 years of age the mean BMI was 12.6 (19) .
More than half 44(52.4%) of those hospitalized had at least one episode of opportunistic infection (OI), while only 128(39.9%) of those non-hospitalized had OI. Presence of OI was found to be associated with hospitalization with P-value of <0.05 using both bi-variable and multi-variable analysis. A study done among children and young adults in United States of America HIV clinics revealed that CD4 count and HIV-1RNA were strongly associated with hospitalization (20) . We don't have data on viral load in most of our cases and the CD4 count (though few missing) was not found to be significantly associated with hospitalization. Presence of OI could be a proxy indicator of low CD4.
The other variable which was associated with hospitalization was duration on ART-the lesser the duration the higher the chance of getting hospitalized. This indicated that children were initiated late after they developed OIs and soon after treatment initiation got hospitalized either due to the OIs or IRIS. Care interventions aiming at identifying the earliest possible HIV-infected infants and treating them according to current guidelines would drastically reduce cost of HIV care including costs related to hospitalization (15). Studies in Thailand and South Africa have shown that early ART initiation incur lower in patient care costs (21, 22) .
The major causes of hospitalization were pneumonia 33(38.1), malnutrition 9(10.5%) and neurological conditions like seizure and focal neurological deficits. Furthermore, this study also revealed pneumonia to be the single predicator of hospitalizations among OIs. Other studies also showed that pneumonia to be the leading cause of hospitalizations (5, 15) .
In conclusion, this cohort study showed that HAART initiation age was late, presence of OI and duration on ART were the only predictors of hospitalization and pneumonia was the leading cause of hospitalization. This study might not be generalized to all children enrolled in ART in Ethiopia such as those following at primary level health care as it is done in Tertiary teaching hospitals.
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